. For example, less than one-third of the included studies Promberger & Marteau, 2013), but there is little evidence regarding the impact on intrinsic motivation of 103 offering financial incentives in combination with other behavior change techniques. In contrast to previous 104 research, the results of a recently published Cochrane review suggest that financial incentives may actually be 105 effective for achieving long-term smoking cessation, even after incentives are withdrawn (Notley et al., 2019) .
106
Therefore, in the current study financial incentives were embedded in a complex intervention, as Paradoxically, for participants in the PAL scheme, there was a small but significant decline in 110 pedometer (Yamax Digiwalker CW-701) steps/day for the intervention group compared to controls at six 111 months relative to baseline, and no significant difference at 12 months. Specifically, analysis of covariance 112 showed there was a significant decrease in mean steps/day for the intervention group compared to the 113 control group (adjusted b=-336, 95% CI: -612 to -60, p=0.02) at six months when adjusting for randomization discussed more fully below. The present paper aimed to investigate these pre-specified pathways, which were 127 grounded in learning theory (Johnston, 2016; Marteau et al., 2009 ) and social cognitive theory (Bandura, 128 1997) , with insights from self-determination theory (Deci et al., 1999) 
142

Overview of Intervention and Waiting-List Control Group
143
The PAL scheme was a six-month intervention which incorporated use of a novel physical activity 
167
Discussion forums on the website provided a platform for participants to contact researchers and other 168 participants (social support). The target behavior was workplace physical activity. The most common form of 169 physical activity undertaken by participants was walking. However, other physical activities such as jogging, 170 active travel to/from work, and gym-based activities were also incentivised through the location of the 171 sensors. The intervention also provided rewards, and encouraged participants to set goals, in terms of minutes 172 of physical activity.
173
Participants randomly assigned to the control group received no intervention during the six-month 174 intervention period but were placed on a waiting-list to participate in the scheme at the end of the study 175 period (i.e. after 12-month outcomes were completed). It was agreed with the funders to end follow-up at 12 176 months, rather than 18 months as originally intended, due to delays in initial recruitment and negative findings 177 for the primary outcome at the six-month follow-up.
178
Intervention Development and Proposed Theoretical Mechanisms
179
The logic model describing the processes by which the PAL scheme was hypothesized to change 180 physical activity behavior has previously been published (Hunter et al., 2016) and an adapted version is shown 181 in figure 1 (reflecting the shorter follow-up than originally intended). The approach to intervention 182 development that was used in the PAL study fits within the "Theory and evidence based" category of a recently the forming of habits (Johnston, 2016; Lally & Gardner, 2013; Miller & Dollard, 1941) . Therefore, we 201 hypothesized that long-term physical activity behavioral maintenance would be achieved via increased habit 202 formation by the time rewards were withdrawn (Baugh, 1994) . Habit formation also fit within a self-regulation 203 control theory framework (Carver & Scheier, 1981 ) and we measured several other mediators with relevance 204 for self-regulation (e.g. self-efficacy, planning, habit). According to social cognitive theory (Bandura, 1997) , we 205 also hypothesized that the use of motivational messages (persuasion) and social support (vicarious experience) 206 would increase self-efficacy, and that satisfaction with the consequences of behavior change would act as a 207 reinforcing mechanism for behavior change in addition to the reinforcement of the financial incentives. Thus, 208 we also measured social norms, workplace norms, and outcome satisfaction as putative mediating constructs. 
213
Changes in mediators of short-term behavior change were expected to occur at four-six weeks, whilst changes 214 in mediators of long-term behavior change were hypothesized to occur at six months (Schwarzer et al., 2007) .
215
It has been proposed that long-term maintenance is achieved when participants are satisfied with the 216 outcomes of behavior (e.g. feel fitter) and wish to sustain the benefit, in line with Rothman's theory of 9 behavioral maintenance (Rothman, 2000) . Furthermore, the Health Action Process Approach (HAPA) model 218 proposes that two validated forms of phase-specific self-efficacy (i.e. maintenance and recovery self-efficacy) 219 are important for achieving maintenance (Schwarzer, 1992 (Schwarzer, , 2008 . Some constructs were hypothesized to be 220 important short-term and long-term mediators (i.e. planning, social norms, identified regulation, integrated 221 regulation, intrinsic motivation). At baseline, it was assumed that there would be no active workplace social 222 norm to impact on behavior. However, there may have been a 'social norm' for physical activity from a non-223 workplace environment. Therefore, we included a general social norm measure as a hypothesized short-term 224 mediator. Given that the primary targeted behavior was workplace physical activity, it was hypothesized that 225 as the intervention progressed, participants would have increased perceptions that partaking in physical 226 activity was the workplace 'norm' (by seeing other work colleagues, who were also participating in the PAL 227 scheme, increasing their workplace physical activity) and would be encouraged to maintain their physical 228 activity long-term. , 2019, 2018) . This outcome was collected at baseline, six and 12 months. As we hypothesised 247 that participants would be motivated to undertake physical activity outside the workplace setting, we chose a 248 method of measurement that captured total physical activity behaviour. 
249
Mediator measurements
265
Statistical Analysis
266
All questionnaire items were scaled so that lower values indicated lower levels of the 267 mediator/outcome. The following analyses should be interpreted with caution due to issues with multiple 268 testing and power. The level of significance was p<0.05. We did not make adjustments for multiple testing as 269 the practice is widely contested and debated in the medical research literature (Feise, 2002; Perneger, 1998;  270 Rothman, 1990) . Throughout our results we have highlighted those results which would have been non-271 significant had we used a more stringent significance criterion (p<0.01). Missing data was handled using 272 listwise deletion, similar to the approach adopted in the study's main paper which found no difference to the , we adopted the approach of adjusting absolute values of the mediators and outcomes for baseline values. A sample Stata program for this analysis is available in additional file 2 (study data is 305 available upon request from the authors). We also conducted the analysis using residualized change scores, 306 with no major differences to the results (data not presented).
307
Results are reported for tests of intervention effects on hypothesized mediators, tests of the 308 association of hypothesized mediators with physical activity, indirect effects (i.e. the significance of mediated 309 effects) and direct effects (i.e. intervention effects on physical activity controlling for hypothesized mediators) 310 (figure 2) (Mackinnon, 2008) . The significance of indirect effects was determined by 95% confidence intervals 311 (CIs) estimated using the bias-corrected bootstrap (with 10,000 iterations) procedure (Mackinnon, 2008;  312 MacKinnon, Lockwood, & Williams, 2004). The maximum-likelihood (ML) method of estimation was used.
313
Model fit was assessed using the coefficient of determination (CD), a measure of the proportion of variance 314 that is explained by the model (Nagelkerke, 1991) , and standardized root mean square residual (SRMR) (<0.08 
329
It has been suggested that Bayesian methods can potentially increase power in mediation analyses, 330 particularly for small sample sizes (Yuan & MacKinnon, 2009 ). Since power was low for some of our models, we 331 conducted sensitivity analyses employing a Bayesian approach to analysing mediating effects using the 'brms' package in R with 10,000 iterations (Bürkner, 2017 
417
This may support the idea that participants were in the behavioral maintenance stage at six months, in line 418 with the definition of behavior change maintenance adopted in previous systematic reviews (Murray et al., 2017 (Murray et al., , 2018 ; (3) The measured short-term mediators were potentially less relevant for our sample, which had 420 high daily step counts at baseline indicating that they may not have been 'initiating' physical activity behavior.
421
Notably, whilst constructs such as physical activity self-efficacy have frequently been shown to be important 422 mediators or predictors of physical activity behavior in previous studies ( Focus groups (reported elsewhere) revealed that participants generally appreciated the scheme's self-449 regulation aspects (e.g. self-monitoring, target setting, planning, making a commitment, accountability) and 450 felt a sense of accomplishment when they met goals or saw improvements (Gough, Prior, Kee, & Hunter, 451 2018). Therefore, it appears that the PAL scheme supported the self-determination theory psychological need 452 for 'competence' (Deci & Ryan, 1985) . The relevance of self-regulation techniques and self-monitoring for 453 physical activity behavior has also previously been evidenced (Bird et (Deci & Ryan, 1985) , to test the self-determination theory hypothesis that financial incentives 497 undermine more internal forms of motivation. We also measured extrinsic (financial) motivation to examine 498 the hypothesis that financial incentives would trigger short-term behavior change and found a null effect. A 499 more comprehensive assessment of motivation may also have included the more controlled forms of 500 motivation such as introjected regulation and external regulation (Deci & Ryan, 1985) , and would have allowed 501 us to assess whether financial incentives led to decreased physical activity through these constructs. Although 502 the majority of our measured mediators were socio-cognitive variables, recent research highlights that socio-503 cognitive theories can only partially account for physical activity behavior because they focus on 'explicit' 504 processes and do not reflect the 'implicit' processes that determine behavior (Chevance, Bernard, attitudes to physical activity, for example. Another criticism of socio-cognitive theories is that they do not 507 appropriately account for temporal considerations (Scholz, 2019) . It is possible that our classical intervention 508 study design, measuring outcomes at six-month intervals, may have missed some important effects occurring 509 at a more micro temporal timescale (e.g. our short-term mediators may have shown a stronger association 510 with shorter-term behavior). 
574
This study was not specifically powered to detect changes in mediating variables and post-hoc power 575 analyses indicated that power for some analyses was low. However, we conducted a sensitivity analysis using a 576 Bayesian approach, which resulted in no major differences. Mediators were derived as the average of self-577 report questionnaire items, which were based on previously used validated measurement instruments. The 578 internal consistency of some mediators was low (additional file 1, table 1.2). The dropout rate was high at six 579 and 12 months, and participants in both the intervention and control group showed high physical activity 580 levels at baseline which declined at the six-month follow-up, potentially indicating a measurement reactivity 581 effect (French & Sutton, 2010 . We used a 'completers only' analysis approach in the interest of testing 582 intervention dose on the hypothesized mediating variables. Since missing data did not vary between groups or 583 in terms of baseline characteristics (with the exception of recovery and maintenance self-efficacy scores which 584 were not shown to be significant mediators), we are confident that this approach did not bias our results.
585
Whilst other potential pathways may exist, we were unable to test these since we only measured the 586 hypothesized mediating variables outlined in our pre-specified logic model. Some of our models included 587 mediators that were measured at the same time-point as the outcome variable. However, since behavioral 588 'maintenance' may occur at six months we deemed it important to examine potential mediating effects of our 589 long-term mediators on six-month physical activity behavior. Our study design, measuring outcomes at six-590 month intervals, may have missed some important effects. Arguably, our primary outcome (i.e. steps/day) did 591 not capture all possible forms of physical activity, such as cycling or swimming, which is a common limitation 592 of wearable devices. However, walking was the most common form of physical activity undertaken by participants, and participants were encouraged to wear pedometers for all activities during data collection 594 (apart from water-based activities, contact sports and sleep) which would have captured spill-over effects 595 beyond workplace physical activity. Finally, these analyses should be interpreted with caution due to multiple 596 testing.
597
Implications for Future Research
598
The examined constructs drawn from multiple behavior change theories were not sufficient for The following BCTs are included: -immediate reward contingent on behavior change; self-monitoring and feedback; info where/when to perform physical activity; specific goal setting; prompts and cues; action planning; barrier identification; social support; provision of info about health benefits of physical activity; habit formation; behavioral practice/rehearsal; behavior substitution; adding objects to the environment; problem solving.
Possible Mediators
Uptake and Initiation:
-self-efficacy -intention -outcome expectancies -social norms -discounting behavior -perceptions of workplace environment -access to physical activity opportunities -usage of PAL card -usage of website -web engagement and confidence Maintenance -habit -recovery self-efficacy -social norms -satisfaction with outcome expectancies
Short Term (0-6 mths)
Gradual transition from focus on extrinsic motivation (rewards) to intrinsic motivation to increase physical activity by:
-reducing the extrinsic motivator by reducing the frequency of rewards given and rewards of lesser value; -increase intrinsic motivators by increasing the emphasis on other BCTs in scheme, e.g. selfmonitoring, feedback, goal setting, social support, planning, prompts and cues Long Term (12 mths)
Maintained behavior change leads to:
-maintained increase of physical activity levels The PAL scheme intervention was based on multiple behavior change theories that make different predictions regarding how the relevant constructs interact to change behavior. The financial reward component of the intervention was based on learning theory by providing an immediate reward (extrinsic motivation) for behaviours that offer future health gains. It also contained elements of other approaches, such as goal setting, prompts, self-monitoring, and habit formation which fit within a self-regulation control theory framework, motivational messages (persuasion), and social support (vicarious experience) which should increase self-efficacy according to social cognitive theory. Social cognitive theory also holds that satisfaction with the consequences of behaviour change can act as a reinforcing mechanism, in addition to the reinforcement of financial rewards. The rationale for the phasing of rewards in the latter half of the intervention was to reduce the emphasis on extrinsic motivation and increase the emphasis on intrinsic factors. A central premise of self-determination theory is that the provision of financial rewards may 'crowd out' intrinsic motivation, or hinder the process of internalization, which is detrimental for achieving behavior change maintenance. Behavioral repetition was expected to lead to the forming of habits, and behavioral maintenance, by the time rewards were withdrawn. NB. BCT=behavior change technique. 
Underpinning Theoretical Framework
